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SUMARY

A oontrolled study of two proprietary floating-
type corrosion inhibitors ard cathodic protection for
use in floating drydock ballast tanks is desoribed in
this report,

Test coupon results after exposure for one year
indicate that a floating-type inhibitor can effective=
ly retard corrosion in the wet-and-dry and dry zones
and will provide at least temporary protection in the
wet sone, Cathodic protection, effective only on a
submerged surface, is shown to achieve a 70=-per cent
reduction in corrosion under severe exposure conditions,
Cathodic currents were reduced by a factor of five when
used with a floating inhibitor, No serious interference
was detected when the two methods were used together,

A ocomprehensive field=testing program is recomm-
ended to correlate laboratory studies and in-servioce
r.'\lltﬂ.




INTRODUCTION

The magnitude of corrosion and corrosion mitigation measures for fuel
and ballast compartments of floating equipment has efagted considerable
study by both govermment and private organizations, “»¢ This problem has
been encountered by the Bureau of Yards and Docks in the maintenance of the
ballast compartments of floating drydocks, The drydecks usually operate in
sea water and are located in many parts of the world,

The interior of the compartments can be classified into three zones as
follows: (1) wet (permanently submerged), (2) wet-and-dry (wet or dry, de-
pendent upon the water level during normal operation of the drydock), and (3)
dry (above the normel high water level), Corrosion is extensive throughout
the interior of the drydock compartments, Although no quantitative data are
available on corrosion rates in the respective zones, visual inspection of
interior stiffeners has indicated that the wet-and=dry and the dry zones may
actually suffer the most ocorrosion, It has been reported that the upper
portions of tenker ocompartments carrying fuel and gea vater bellast are more
susceptible than the permanently subtmerged areas, A serious result of this
rusting is the weakening of structural members and the pitting of internal

piping.

The complex structure of the compartments and the poor accessibility of
certain areas meke proper surface cleaning and recoating difficult, costly,
and time~oonsuming, Therefore, to obviate the problems associated with
aamally-epplied ocostings, less costly and more permanent methods of inhibition
are being investigated, indivi.dml expeg:l.zsntal applications of cathodic pro-
tection # and floating-type inhibitors, 7»° in use for several years by the
Bureau of Yards and Dooks, have shown promising results, However, limitations
inherent in each method do not always permit optimm protection of all areas
of the ocompartments,

The purpose of this investigation was to determine the compatibility and
comparative effectiveness of two proprietary, {loating=-type organic inhibitors,
and cathodic protection techniques for sea water ballast comportments of floate
ing drydocks. The study was conducted under Project NY 450 004, Cowwosdon
Prevention and Special Coatings, Subtask 4, Cathodic Protection, The primary
objective of this subtask is to develop uﬁatwwry methods for employing
cathodic protection in order to prevent or inhibit corrosion of sutmerged or
buried, metal surfaces,

THEORETICAL CONSIDIRATIONS
The electrochemical corrosion of steel struowseg in a sea water environe-
° 9

ment or atmosphere has been extensively described Other contributing
factors such as structural stresses, metal oomposition, temperature, humidity,




and frequency and rate of 1iquid level changes may accelerate the oorrosion
yate, The significence of siresses and metal compositicn is usually deter~
mined by design considerations and will not be .considered here. :

Although floating drydocks are op@reted in many different latitudes

temperature extremes encountered are typical of smbient conditions whioh.might

varyfromalowofeboutOFtoahighofml’. Thus, while higher temperatures

usually encourage greater corrosion rates, temperatures are not high enough o

interfere with the protective aotion of most good coatings or inhibitors.

Extreme humidity is typioel of eaépoauro in an enclosed vessel conaining

aufﬁcient water to maintain saturated conditions at all times, The arpunt of

condensation occu.sring is dependent upon the rate and amount of semperature

changes. Vernon 7 hes shown that the rate of atmospheric corrosion is depenaent

upon both relative bhumidity, and contamination of the air vith gases and sus~’

pended particles, His studies indicated that incipient corrosion effects began
vith a relative humidity of about 60 per cent, and that a profound increase -
occowred at a relative humidity of approximately 80 per gent, with the rate in-

creasing until the dew point vas reached,

Of the various available methods of corrosion protection (paint, metallic

coatings, dehumidification, cathodic protection, oil-soluble inhibitors, water-

soluble inhibitora , and chemical=floating inhibitors) peint coatings “have been

relied upon principally until recent years, However, es previously stated in

this report, the aifficulty in adequately ocleaning and applying painted coatings

418 costly in material and time. In instances where compartments are used %o
carry fuel and are bellasted or cleaned with sea vater,.the danger of cargo

contamination restricts the use of inhibitor additives, The development of &
vinylidene chloride acrylonitrile copolymer (aaranz goating has ‘been reported

Metallic coatings such as flame=-sprayed 2ino or aluminum are being voed

inoreasingly for protection in a sea vater omimnmt wut heve been reported to.

be more costly to apnly than painted coatings, =

Dehumidification techniques are being extensively employed for reduscing
corrosion of storage and machinery compartments of toth active and reserve

yessels, Howéver, the constant exiatence of residusl water in the ballast tanke
of floating drydocks makes it virtually impossible to meintain a humidity below

the oritical point,. .

Cathodic protection techniques can be used to mitigate corrosion on pere

manently submerged surfaces. The fact that surface preparation is not necessary
prior to installation and the relatively maintenance~fres operation of a properly
designed systen are major factors in of feetting the high initial oost of cathodic
protection. The choice of anode material, galvanio or inert, is dependent upond

-




the accessibility of the area to be protected and the availability of external
pover, Experience has indicated that, in tanker compartments, the wet-and-dry
sones rogein protection approximetely proportional to the amount of time sub-

merged, Since no protection is afforded areas above the high water level and
only partial protection is ashieved in wet-gnd~dry areas, a cathodic protection
system must be justified primerily on the basis of corrosion reduction within
areas belov the normal, low water level,

Comprehensive reviews of the action of inhibitors have been published, 11,12
Although corrosion inhibition is attributed to both physical adsorption
chemisorption, the exaoct mechanism for inhibition is still oontrovorsiai. It is
generally ooncluded that the inhibitor must funotion by increasing the electros
lytic resistance, or polarising either the anodic, the cathodic, or both areas of
the corroding surfacu,

The intake and discharge of ballast wuter for each dryedocking would appear
to make the use of a water-soluble inhibitor uneconomical if a fresh supply of
inhibitor were required for each change of water, Thus, an inhibitor which is
relatively insoluble in water and can be applied with a minimum of labor is
desirable, Preliminary studies of chemical compounds used abﬂoating corrosion
inhibitors have shown promise in six-month laboratory tests,”” These coatings
wsually consist of a petroleum-vehicle with chemical additives, The chemical
additives assist in displacing water from the metal surface and form a non=
corrosive, protective film which adheres to the metal surface, The coating
material iz added to the ballast compartments in sufficient amounts to maintain
a ocontinuous floating film, and to recoat the metal surface as the ballast water
level is changed, While the protective action of floating inhibitors is usually
restrinted to those areas which can be reccated through normal, water level
changes, areas above and below can be coated initially by spraying or brushing,
Periodic dewatering or filling to extreme levels will provide additional pro=-
tection to areas not normally coated,

TEST FACILITITS AND iT'THCDS

A standard test procedure has been established for the evaluation of floate
ing inhibitors (MIL=-C~17936, Ships), However, the addition of cathodic protection
vith its associated current distribution system made it desirable to conduct the
combined test in tanks large enough to require a current magnitude which could
be sasily controlled and measured., It was also desirable to provide sufficient
interior area for mounting duplicate sets of test coupons in each of three ex-
posure zones, Standard T6B, 1000-gal pontoons were readily available and re-
quired only slight modification, The pontoons shown in Figure 1,were located on
the shore, adjacent to a sea water harbor, and were equipped with a suitable
piping and pumping system to simulate drydock ballast operations, Because the
frequency and rate of water level changes vary considerably with the sise and
loocation of various drydocks, a oyoling period of two weeks was arbitrarily chosen,




The pontoons were simultaneously filled with fresh sea water to the upper limit. .
12 in, below the top of the pontoon, and allowed to remain full for one week, i’hs
water level was then drained simultansously to the lower limit, 16 in, above the
bottom of the pontoon, where it remained for an additional week., Filling and. “
druining rates of approximetely l-1/4 in,~per-minute were used.

Commercially available floating inhibitors can genersglly-be classified into i
3wo groups, The material, termed Type I in this report, is normally nongelling
and is obtainable ready-mixed, The Type II material is a two-oomponent product :
composed of an inhibitor and a diluent, The inhibitor gradually gels into .a. ;
semisolid coating which tends to build up on the metel surface, The diluent is ;
added as required to maintain the viscosity of the residual floating material at ‘
a point low encugh to permit the reccating of vertical surfaces, .

Since it was desirable to determine both the efficiency and the compatibility
of the two types of materiale with cathodioc proteotion, a test facility ocomprised
of six pontoons was employed, Fontoan No, 1 contained Type I inhibitor only.
Pontoon No, 2 contained an impressed current cathodis protection system only,.
Pontoons Nos. 3 and 4 contained impressed current cathodic protegtion systems 1
ocombined with Type I and Type II inhibitors, respectively., FPontoon No, 5 cone= . b
tained a galvanic anode oathodic proteotion system with a Type I inhibitor, Fontoon
No, 6 contained Type II inhibitor only, . S

The two different anode types fimpressed current and galvanic)were incorporated _

in the cathodic protection installations to determine their individual reactions

when coated with the imhibitor. The anodes were mounted -horizontally on 1/2-in,

studs, weldsd to the bottom stiffer~vs of the pontoon, The graphite anodes, em-

ployed in Pontoons Nos, 3 ard 4, were appropriately drilled in two places to

accommodate phenglic resin-laminated sleeves, which insulated them from the

mounting studs, The Duriron anode, used in Pontoon No, 2, was bolted with

polyvinyl=plastic screws between two nieces of phenolic resin-laminated sheeting,

The magnesium anodes, mounted in Pontoon No, 5, were rectangular in shape with a

pipe core extending through the center, and were mounted in the same manner as the ;

graphite anodes, An extermal lead was soldered to a washer that was bolted to the i

pipe core, and the whole connection-area was filled with an oil-insoluble potting :
. conpound, Five magnesium anodes were originaglly mounted on the btottom to insure

adequate ourrent distribution, It was found that one centrally located anode

sufficed, The top of the anodes were approximately fifteen in, from the bottom

of the pontoon and were in the permanently wet. sone, :

-

A selenium rectifier sup..lied the power for the impressed current anodes and
suitable rheostats were incorporated in all anode leads for current control, By
mounting them on wooden dunnage and using plastic nipe nipples in the external
piping, the pontoons were electrically-insulated from each other, ,

Because of the shielded areas u:lxder the st:lft"enera and in the pontoon ooﬁ:ers
a potential of 1,0 volt negative, with respect to a copper sulfate reference cell
at the high water level, was considered optimum, All potential readings were

I
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measured on a weekly schedule, with a potentiometer~voltmeter, before the vater
level was changed, Since contamination of the porous plug of the half cell by
the floating inhibitor would influence potential readings, a balsa wood float
with a plastic pipe 4 in, long and 2 in, in diameter extending through the center
was constructed, The aasembly was floated on the surface of the inhibitor, with
one end of the pipe protruding into the sea water. All inhibitor was recoved
from the interior of the pipe, and the half cell was lowered into the sea water
through the pipe,

The effusctiveness of the two methods of corrosion mitigation was determined
by the use of preweighed, 1/4=in, thick, wild steel test coupons. The coupons
were sandblasted and mounted as shown in Figure 2, in each of the three exposure
sones, Sandblasted coupons were used because of their ease in handling, and
because of the accuracy that they afforded in corrosion-loss determination, Two
coupons, one of vhich was electrically insulated, were bolted to the interior
surfaces of the pontoons that contained cathodic protection, Insulated test
coupons located in Pontoon No, 2 were used as controls for determining the
corrosion rate of unprotected coupons,

The interiors of the pontoons were initially covered with a thin coating of
rust, which covered over about 25 per cert of the surface area, The remaining
75 per cent of the aree was covered vith mill scele. The bbttome of the pontoons
were spotted with powdered rust and vere dampened; but there were no water puddles,

After installing the test coupons, approximately 2-1/2 galloms of the proper
floating inhibitor were applied with standard paint-spray equipment. The under-
side of the pontoon tops, and the bottom and side surfaces one foot above the
bottom, were coated in s manner., Sea water was slowly admitted to the pontoons
until the level had reached one foot, Additional inhibitor, in the amount pres-
cribed by the inhibitor manufacturer for this size tank, wes added to the pontoon,
The water level was then raised until the entire interior of the pontoon was fill-
ed, This level was maintained for ten minutes, Then, the water was lowered to
the 16-in, depth level, The water remained at the lower level for twenty-four
hours and then the tanks were completely filled, Upon dewatering to the lower
level, the cathodic protection systems iiere energized and the regular two-week
cyeling schedule was maintained for one year,.

An additional amount of diluent was added to the Type II inhibitor on two

‘occasions as the material gelled beyond the presoribed viscosity, A small amount

of Type II inhibitor was also added dwurding the test to maintain a uniform layer
on the water surface, .

All test coupons remained in position-for one year, At the completion of
the study, the coupons were removed, steam~cleaned, washed with solvent, and
electrolytically descaled in a five per ‘cent sulphuric acid sea water bath, con=
taining a rust inhibitor. The ooupons were wire-brushed and weighed immediately




after drying, Calculations of weight loss and corrosion rates were made, as .
shown in the Appendix. S o : :

TEST COUPON DATA RESULTS

Table I lists the individual coupons according to location, size, and
weight loss, In general, the losses were characteristic of corrosion phenomena
in that considerable variation was experienced. However, in two cases, ex-
cessive weight losses were found which were apparently not representative, One
ooupon, No, 2, located in the wet sone of Pontoon No, 1, was visually detected
as not being adequately coated on one side, Coupon No. 66, located in the wet-
and-dry sone of Pontoon No, 2 had become insulated from the pontoon and received
very little protection. 7The data from these two coupons was not included in the
results reported in Table II, the list of corrosion rates of test coupons in
various exposure zones,

As enticipated, the corrosion rate for sea water only, in the wet sone was

less than that experienced in the wet-and-dry and dry gzones, Although the degree
of protection afforded by cathodic protection appears low in the wet zone, it
should be noted that the coupons were mounted parallel to ths interior surface
and stood out approximately three-quarters of an inch fron the surface, It was
believed that this mounting position would better duplicate areas shielded from N
the anodes, such as the underside of stiffeners and the pontoon corners, Thus,
the measured corrosion rates of these coupons is indicative of one of the more
severe exposure oonditions encountered in ballast tanks subjected to cathodic
protection, The favorable protection afforded the coupons which had received
only the initial application of floating inhibitor and no cathodis protection
was surprising, Upon removal, after one year of exposure, the coupons in the
wet zone had lost their shiny, oily appearance, and isolated areas were beginning
to show some rusting, indicating that the coating was on the verge of failure,

. Ko interaction affecting the individual protective abilities of the two techniques
was observed or detected by coupon losses which are shown in Table II,

A breakdown of coupons in the wet zone into those vertically and horizone
tally mounted is shown in Table III, Corrosion losses for cathodically protected
coupons in the wet gzone vere virtually independent of coupon orientation., The
greater losses exhibited by vertically mounted, inhibitor-protected coupons is
attributed to the tendency of the inhibitor to drain off of the metal surface,
Those coupons proteocted by both techniques exhibited negligible corrosion losses,
(See Figure 3).

As 1llustrated in Table II, the performance of the floating inhibitors in
the wet-and=-dry zone was definitely superior to cathodic protection, If it is
assumed that the surface of a cathodically protected coupon, facing the ancde, “
‘peceives 100=per cent protection while submerged, it is doubtful if this same
surface would receive over 50-per cent protection under the wet-and-dry exposure

6
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conditions employed, No sddditional protecticn weq discernible in this.zome m
thewe coupons receivirg dathodie. ourrents in conjumction with the mmtcu

"nmaommwatmmud in the wet-and«dry sone,

Oon'oa:lon losses vero nllo neglis:lbh for oouponl located in the dry som, 0
and initially covered with inhibitor, as shown in Table II. The ocoupon ‘surfaces,
illustrated in Figure 5, retained their oily appearance except in the upper
portion of ‘wertically wounted ocoupons, whére rusting had ocommenced partioularly
on thase coated with Type I Mutor. ‘The Type II inhibitor reteined its. .
taokiness and adhered very well to ‘the Soupon surface, The .coupons that were in

.the pontoon without inhitdtor were oompletely covered by rust, with rust-nodules

prevalent in about 25 per cent of ‘the surface area, Although pitting was mare =
evident in the dry szone than in the other areas, no pits deeper than oneesiwtesuth
of an inch were found. In general, the ooupona oloaely reumblod the pontoon
mtu'ior nrfmn :

During tho test poriod ‘the d:lﬂ.’ermu :I.n oorrocioa rates v:lthin the dry
gone, betwesn the- pontoons vith and vithous: floating inhibitor became visibily:.
apparent, . In addition to rust, the presence of condensed moiature was found.: on
thie \mdmide of tho horizontal sm'faoea in the ponhoon ‘without :l.nhibi.tnr. -

- No special preonuu.ont had been taken to eontrol the tanpmm or hunidﬂw
inside the pontoons because of.their symmetry, and because of the location of.the
test facility., The 15 in, by 23 in, manhole was covered with a bolted-down
1/4-4n, plate but it was not airtight, A 2-in, vent.pipe was uncapped when fill-
ing or draining the tanks, Simultaneous measurements of the temperature and. .
relative humidity of the interior of pontoons, with and without floating inhibdtor,
and of exterior ambient conditions were made for one week with individually re-
cording gm ~thermographs, The differences between the two pontoons, as shown.
in Mgure are 'not striking but they are believed significant sinse the humddi

in the pontoon with flooting inhibitor rarely reaches the dew point: (100 per cent),

By contrast, the relative humidity in the pontoon without ﬂoating inh:lbnltor ia
oont:l.mnlly maintained at, or near, the dew point,

The records of cathodic. protection ocwrreat and potontial vdw mu-m;o»
the diffisulty in maintaining static comditions, - Fotentiometer r“dingl m
tukon acoording to a voeuy lchodule. : .

. A8 provdoun.yeutod 1t was hoped thatacun'entlevel oouldboectabnM
vwhich would maintain a- potontul of 1.0 volt negative, with respect to.a copper
sulfate half cell, However, with the weekly changes in water level, the use of
one rectifier, and the low driving voltage required for the three impressed .
current syatam it was impossible to reach equilibrium conditions. Between the
ninth and eleventh weeks of operation, faulty rectifier contacts and modification

- .of the ourrent contral systéms caused an insdequate supply of ourrent and a re-

sultant low potential, FMuotuations were particularly troublesome in the system
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' peoteotion, This redustion in current may not decrease the mmber of anodes be-

. ‘caused by wvater level changes,
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mmtaMptmud for the pontoon equipped withtbonlmio'm'do'
wvas more stable, An average current of approximately 0,10 amp was atle to maine
tain the desired potential, The lower current requirement for this pontoon was

study inlicated a slightly higher condition (more slialine) than in the otbes .
pontocris m,thodittmoinpﬂmnotmtw oxplain the i B
differences in current amounts that were required, : B

- mmomontroquimtatorthomhcumhduith floating
inhibitor are significant and emphasisc the valus of using a coating with cathodie

canse of the current distribution problem tut it should materially reduce the
sise of anodes and the current capacity of associated componentss The ourrend
ebntrol problen is mommnmmofmmodwnmmm ~

Fotential measurements also were taken in the pontoons containing floatiag
inhibitor only, and are plotted in Figure 9, Unfortunately, no msasuremsnts were
recorded between the first and twelf'th weeks, murrmuummm .
inkid s potential realings wers attributed to special chemical additives con-
tained in the basic material. Type II material is known to oontain lanoclin and
small amounts of cresylic acid which oould acoount for the more negative potente

"4als, It is underatood the Type I material contains a wetting agent additive,

but no specific corrosion inhiddtor was added, 7The initially more megative . .
potential of the surfaces coated with Type I material vas apparently csused by

the inheremt polarising action of the material itself. The potentials greduslly
detreased as the pohrising oconstituents were dissipated, .

: mwolmatoooouionn thoumlmlmlomodtnmttbmmu
wnwmmmwdwummumummmm




~ have any effect on the current=discharge efficiency of the anode. The water
level was immediately raised and current meesurements, before and after recoating,
coincided within a period of minutes, Figure 10 uluatratea the oondition of tho

~ graphite anodes, in use vith the floating inhititor, at the completion of the
test, The graphite anode, on the right, was wiped relatively clean to clearly
exhibit areas where the greater oortion of the current had been discharged, These
areas were pitted to a depth of about 1/8~in, and it is not known if pitting would
have become more severe, or if a greater surface area of the anode would be util-
ised, if higher current densities were used, Admittedly, the anodes were much
1arger than neceasary because the current requirements could not be accurately
predicted before the study began. The magnesium anode appeared to deterioriate in ]
a normal manner and is shown in Figure 11, After the study had progressed for !
six months, this anode was the sole source of current for Pontoon No, 5, Evol-
ution of a gas that was assumed to be hydrogen was evident by the accumulation of
bubbles on the surface of the floating material directly above the anode, Because
of the relatively small amount of current discharged, this phenomenon was not
serious,

After six month!s exposure to Type II inhibitor, swelling of the neoprene=-
Jacketed electric cable was observed, The swelling incree.aed the diameter of the
. oable by one~fourth, and softened it, This could ultimately reduce the cable's
abrasion miatance. Neoprene is susceptible to aYzlling in certain aromatic
solvents, chlorinated hydrocarbons, and creosote,

\ The phenolic resin-laminated insulating material used for mounting the anodes
\ showed a slight tendency to warp and to split after one year of exposure,

(' CONCLUSIONS
|
|

Under the conditions specified for simmlating the operation of ballast tanks
for & floating drydock, several conolusions, based upon the corrosion losses of
preweighed, umdb.l.utod, mild steel coupons that were exposed for one year, can
be made, .

1, The combined use of cathodic protecticn and one application of a float- f
ing~type inhibitor reduced corrosion in the permanently wet zone to negligible
amounts, In individual test installations of the two methods, the corrosion rate
- was reduced by at least 70 per cent and was somevhat dependent upon the location
, of the metal surface. No serious interference between the two methods was de-
tected,

2, The corrosion rate of surfaces in the wet-and-dry sone was effectively
retarded by the use of floating-type inhibitors, Cathodic protection in this
area is effective only when the surface is submerged,

3. An initial application of floatimg inhibitor to metal surfaces in the
dry sone reduced the corrosion rate by approximately 99 per cent,

9




‘Hvlico and Electronics Division, contributed significantly to the accomplishment

4Le The addition of special chemical additives to a floating-type inhibitor .
d4id not significantly increase the protection in the weteand-dry or dry sones,
vhen compered with a floating-typs produst purpsrted to contain a wetting-ageht
only, Protection in these areas may be abetted by maintaining the relative humide .
ity below the dew point figure,

5. After a one-year éxpoaure' period, tha cathodio protection current re-
quired in conjunction with a floating inhibitor was one=fifth the magnitude of
current required without a floating inhibdter, ' -

RECOM-ENDATIONS

Although the present study has shown that the combined use of floating-type
inhibitors and cathodic protection is effective in controlling the corrosion of
interior compartments, the ultimate value of the two methods can best be deter-
mined bty actual service., It is therefore recommended that these or other pro-
mising floating-type inhibitors be evaluated, with and without cathodic protection,
in operating drydocks, Preferably the in-service test should be conducted in the
game drydock to insure duplication of exposure conditions. The efficiency of the
two methods should be determined individually, and together, by exposing a suff-
icient number of test coupons, both clean end rusted, in the various zones of the
ballast compartments, Removal and weighing of typical coupons should be scheduled
for six-month or yearly intervals in order to maintein fwogressive dath om the™" e‘
oorrosion rate, -

An accurate record of costs associated with each method would be valuable in
Justifying their edoption for general use,

The use of laminated-plastic materials for anode support, and neoprene-
Jacketed electrical cable, is not recommended, perticularly if used with compounds
similar to the Type II materizl, Unplasticised polyvinyl is suggested for use as
a mounting component and polyvinyl or polyethylene are recommended for electrical
cable insulation,
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APPENDIX

CALCULATION OF VEIGHT LOSS AND PFR CENT CORROSION RATE OF TEST COUPONS
Area of 4=1/4" x 4=1/4" x 1/L" couponss
sides 54.25;2 = 18,06 8q in,
edges (4e25)(.25) = 1,06 ;
o%e the total area \
= (4)(1.,06) + (2)(18,06) = 40,38 sq in, !
Area of 4-1/4" x 8=1/2" x 1/." couponss
sides (4.25)(8.5) = 38,125 sq in,
edges (8.5)(425) + (4.25)(.25) = 3,1825
P the total area
= (2)(38.125) + (2)(3.1825) = 82,625 sq in,

To calculate the inches of penetration per year: !

lost = inches
(density grams/cu in.;ia.rea of coupon in sq in,)

t = inches of penetration
(7.83) (16,387 ie.rea of coupon sq in,)

1, For the small coupons (4=1/4" x 4=1/4" x 1/4")

ipy (inches per year) = 8 = m.l&%_.
128,31) (40,375)  5.18 x 1

2, PFor the large coupons (4=1/4" x 8-1/2" x 1/4")

D,

ipy = Mg ;gsz = %%g &sz
128,31) (82,625 1, x 1

mpy (mils per year) =_115_

Corrosion rates based on the weight loss of control coupons,

Corrosion rate (%) = 1l)= £
wt losas of control




TABIE I,

Coupon location and weight

e

0

i .
Expogure Zones L Pontoon llo, 1 | Pontoon No, 2 Fontoon
T» Iype I Sequotor with (Type T i
inhild tor inpresced curyent|with imm
cathodi¢ protedt.jarrent ¢
4;]_.0:_1._,_ ) L proteci
Coupon | Wt Loss [Coupon | Wt Loss [Coupon
Bottom Cornmers L No, | (pms) x* -(gm) No, |
(4=1/4" x 4=1/4") . 1L*
Vertical Coupons L2 13.6 42 3 16,9 :_lg
u L5% 4.7 16*
E 4 6,0 8 21,8 17
T * 4.l 59#%
e e L B
=1/4" x 8-1/2"
(4=1/4" x 8-1/2") u 0,6 Z 1o _
1.. Onvneras 30M 20 L) 1o
g Lrom botiwm 1 1.3 | 40 2. 13
¢ (4-1/4" x 4=1/4") | 43 27 o, 18%
& JJYertical Coupons 3 0.9 yAA 38.5 1:)
D ENDS of Pontoon - . g* ég:g ﬁz*
R (4=1/4" x 8-1/2") 2 £
Y 6 92,0 56%
Vertical Coupons 16 1.9 o P
D Vertical Coupons
R - n - ") 19 1.0 20 72 .9 22
Y Horizontal Coupons
(4=1Z4" x 8=1/2") 18 1.7 21 75.8 23
* Coupons Cathodically protected,
%% No coupons used because of duplicate exposure conditions,
15



nd weight loss of individual coupons,

Fontoon No, 3 Pontoon No, 4 Pontoon No, 5 Pontoon No, 6
Type I izhibitor |Type II inhibitor | Type I inhibitor { - Type II
Jwith impreseed with impressed th galvanic-typqd Inhibitor -
tearrent cathodic jcurrent cathodic cathodic
'~ protection protection protection
Coupon | 1t Lose [Coupon [ Wt loss [Coupon | Wt loss poupon | Wt loss
| No, (ems) | No, (pms) | No, (gms) rN_o_, (gms)
1% 0.4 L7% 0.5 2% 0.4 :
__l.g L3 46 Qnd. 22 1.8 6 0.8
16* 1.0 51% 1.1 26%* 0.7
17 5 0 3,0 25 1.9 -] 8,2
59#% 0.3 8% 0.5 69% 1.4
60 2.6 77 0,8 70 0.6 7 1.0
57*% 0.6 T9% 0.1 75% 0.1
_58 1.8 80 0.9 7, 1.l R Qa2
1o o5 Lo 1.2 | ‘
13 1.3 /& 1.1 R 1% o 0.5
18% 0.4 9% 1.3
19, 0.9 23 Q.6 o ot g Q5.
5% 2ol 64 % 0.7 68% 2,0
A 3.5 83 1.2 70 1.6 9 1.0 3
56* 1,5 62% 0.2 T2® 0.9
22 0.7 63 0.8 1 71 et 17 0.6 1
22 0.1 g i ol fodad 28 0.4
23 1,8 okl faled % falkad 29 0.2

15




TABLE II,

Corrosion rates of test coupons in various exposure zones

Exposure

Wet Zone

Average
Loss
(mpy)*

Reduction
in
Corrosion
Rate
(%)

Average
Loss
(mpy)

Wet=and=Dry Zone

Reduction
in
Corrosion
Rate
(%)

Dry Zone

Average
Loss

(mpy)

Reduction
in
Corrosion
Rate
(%)

Sea Vater

(control)

D

|_Cathodic Protectio

Type-I Inhibitor

7242

v——— vt

86,3

Type I Inhibitor
with
Cathodic Protection

Type II Inhibitor

97,1

0,122

9844

89,1

0,108

98,7

Type II Inhibitor
with
Cathodic Protection

0.093

97.0

| 0,47

9743

W3

* mils per year penetration (inches per year multiplied by 10'3)
##* no data obtained




TABIE III, Corrosion rates of test coupons located in the wet zone

Vertical lorizontal
Average, Reduction}| Average | Reduction
Exposure Loss in Loss in
(mpy) *| Corrosion (mpy) Corrosion
Rate Rate
(%) (%
Seg Water 3,37 0 . 2027 0
Cathodic ProtectionL 0,994 1 73,3 _il 0,685 69.8
Iype I Inhibitor 0,83 77.7 : 0,115 ok
Type I Inhibitor
with
 Cathodic Protection|l 0,121 96,7 0,056 7.6
Type II Inhibitor 0,586 84 o4t 0,071 96,44
Type II Inhibitor
with
Cathodic Protection]] 0,159 95,7 0,028 98,7

#* mils per year penetration (inches per year multiplied by 103 )

19
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CATHOOIG PROTECTION
wthot
INHIBITLR

TYPE 1 NHBITOR
TYPE I INNBITOR with

WET ZONE

Figure 3. Typical coupons exposed for one year in the wet zone.

I CATHOO!C PROTECTION I ' .

INHIBITOR

TOR
TYPE T INHBITOR TYPE xmmon TYPE X NHIBITOR  TTPE 1 INHEY
CATHOD!C PROTECTION CATHODIC PROTECW

WET and DRY ZONE

Figure 4. Typical coupons exposed for one year in the wet-and-dry zone.
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horizomal

Figure 5. Typical coupons exposed for one year in the dry zone
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Figure 10.

Graphite anodes used
in conjunction with
the floating inhibi-
tors. The anode on
the left is shown
upon removal from
the pontoon. The
anode on the right
vas viped clean to
shov deterioration.

Figure 11. Magnesium anode used in conjunction with floating inhibitor.




